Objectives: Death certificates are an unreliable source of information on cause of death, and mortality due to epilepsy can thus be underestimated. Methods: We investigated people with epilepsy who had died, and attempted to identify factors that influence inclusion of epilepsy on the death certificate; eight factors were hypothesised and entered into a univariate logistic regression model. Results: Epilepsy was on the death certificate of 16/243 (7%) people who had had epilepsy. Factors that influenced whether or not epilepsy appeared on the certificate were seizure frequency, antiepileptic drug treatment, cause of death, and certifying physician. Factors that did not seem to influence the inclusion of epilepsy were presence of convulsive seizures, occurrence of seizures during follow up, and age at death. Conclusions: We have estimated the degree of unreliability of death certificates (as currently used in the UK) as a source of information on cause of death in epilepsy. We have found that epilepsy may not appear on death certificates even if people had active epilepsy.
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S
tudy of the mortality of epilepsy is affected by methodological difficulties. One common source of case ascertainment, death certificates (DCs), can be an unreliable source of information on cause of death. 1 2 While it is recognised that reliance on DCs will underestimate the mortality of epilepsy, the extent of the underestimation is unknown. We used data from the National General Practice Study of Epilepsy (NGPSE) to investigate the number of people with epilepsy who died that would be captured using DCs. We also attempted to identify factors that influence inclusion of the word ''epilepsy'' in the certification.
METHODS
The NGPSE has been described elsewhere. [3] [4] [5] It is a prospective general population based cohort study of people with newly diagnosed seizures; it recruited subjects from 1984 until 1987, and has accrued over 7000 patient-years of observation (censored for deaths). Patients were followed from an index seizure to death or to early 2000. Patients were classified 6 months after study entry as having either definite epilepsy (564) or possible epilepsy (228). Throughout the study, follow up forms were sent to relevant GPs and hospital specialists, and details requested of seizure status, medical conditions, and treatment. The National Health Service Central Register flagged the cohort, and routinely copied DCs to the study.
Follow up forms were examined to establish whether subjects had ever had convulsive seizures, and whether they had further seizures during the study. The average number of seizures/year during the last 5 years before death (or during lifetime, after onset, where shorter) was calculated. DCs were examined to see whether epilepsy (or seizures or status epilepticus) was mentioned. The name of the certifying physician was compared with the name of the physician who completed the most recent follow up form (current physician), and with that of the physician who registered the patient with the study (referring physician). Presumed cause of death was established from the DC and clinical information from follow up forms, and classified into three groups: malignancy, vascular (including cerebrovascular and cardiovascular deaths), and other. Other included diagnoses such as alcohol related death, respiratory illness, and congenital/ metabolic disease.
We hypothesised that the following factors might determine whether epilepsy was mentioned on the DC: Each of these factors was entered into a univariate logistic regression model, and results were expressed as odds ratios (and 95% confidence interval (CI)) for epilepsy on the DC. Statistical analysis was performed using SPSS for Windows, release 11 (SPSS, Chicago, IL).
Clinical and DC information for each subject were examined to estimate whether epilepsy might be expected on the DC. This process was similar to that used for case inclusion in the National Sentinel Clinical Audit into epilepsy related deaths. 6 7 
RESULTS
There were 246 deaths during follow up. After excluding three with incomplete information, there were 181 (74%) with definite and 62 (26%) with possible epilepsy. Epilepsy was mentioned on the DC of 10 (6%) with definite epilepsy and six (10%) with possible epilepsy. Subjects with DCs, those with epilepsy mentioned, and the results of exploratory logistic regression analysis are shown in table 1.
In 211 people it was possible to compute the average number of seizures/year. Most subjects (106; 50%) had no seizures and the mean number of seizures/year was 15 (seizures occurring more frequently than daily were counted Abbreviations: DC, death certificate; NGPSE, National General Practice Study of Epilepsy as 365 seizures/year). Mean age at death was 70 years and median age was 75 years (range 3-98 years).
Factors that influenced mention of epilepsy on the DC were seizure frequency, AED treatment, cause of death, and certifying physician. Review of clinical and DC information suggested that epilepsy should have been on the certificates of 105 (43%) subjects.
DISCUSSION
Epilepsy was on the DC of a minority of patients even when there was a history of relatively recent seizures. The small number of DCs including epilepsy limited the analysis to exploratory univariate logistic regression, and limited the number of groups entered into each analysis.
Those with more than 12 seizures per year were more likely to have epilepsy on the certificate than those with none, but epilepsy was only recorded in 3/18 with frequent seizures. Those on AEDs were more likely to have epilepsy recorded than those not on AEDs, but were also in a small minority (15/139). There was no increased rate of reporting epilepsy by physicians who had completed the most recent follow up form and should therefore be aware of the diagnosis of epilepsy; indeed the coroner was the most likely to report epilepsy. Neither the presence of convulsive seizures nor younger age at death influenced mention of epilepsy on the certificate.
Many studies have been based on information found on DCs, 8 9 but they are an inaccurate record of cause of death in epilepsy 10 11 as well as diabetes, 12 asthma, 13 and cancer. 14 In investigations into deaths related to epilepsy, in many cases epilepsy has not been mentioned on the DC. In a study of childhood deaths, in only 55% of deaths attributable to epilepsy was the diagnosis of epilepsy on the DC. 15 A study of older people with known seizures included 11 patients who died suddenly and unexpectedly of unknown cause, and in circumstances compatible with a seizure. In only one case was epilepsy on the DC. 16 There are several reasons why epilepsy may not be recorded on DCs. Death certification is not primarily intended for epidemiological research, but in the UK was instigated in 1837 as an important legal and social requirement. The Home Office, the government department responsible for internal affairs in England and Wales, initiated a review into death certification in 2001, in response to the conviction of a general practitioner for murder. This review lists nine items as including the most essential elements of death certification. As well as confirming that death has occurred, establishing the identity of the deceased person, and ensuring that unnatural deaths are properly investigated, this list includes the provision of an indication of the likely cause of death, and provision of statistical information about the cause and circumstances of the death. 17 In 1978, it was suggested that in 20% of DCs there was a major discrepancy between the cause of death certified and that determined by the consultant and case notes. 10 The highest proportion of major discrepancies occurred among deaths certified by the coroner. However, the errors may not have been as serious as they appeared. 18 In a more recent study senior hospital doctors were found to make more errors than juniors. 19 The Home Office review suggested that the quality of death certification by doctors was uneven due to lack of training and to the low priority given to this duty. 17 Under the current system of death certification in the UK, it is likely that, in many cases, the diagnosis of epilepsy is correctly absent from the certificate; the information required is that of conditions leading to death, and of other conditions contributing to death. Our results are in keeping with this, as those dying with malignancy were significantly less likely to have epilepsy on the certificate than those with other pathologies, excluding vascular. However, standardised mortality ratios (SMRs) for malignancy are increased in most studies of mortality in epilepsy. 20 21 CNS tumours may cause seizures, but SMRs for non-CNS tumours are also often raised. Epidemiological studies could help to establish whether this association is due to a common genetic disposition, or whether AEDs are implicated. 22 Several recent government reports have made recommendations about death certification, [23] [24] [25] and two of these have included provision for an account of the deceased's medical history before death. 23 25 It is unclear, however, whether this information would be used for registration purposes, and unless this is so, DCs used in isolation will continue to be a poor source of information about mortality from epilepsy or other chronic diseases.
The current situation complicates efforts to conduct research into the epidemiology and causes of sudden unexpected death in epilepsy (SUDEP). The National Sentinel Clinical Audit investigated the care received by people with epilepsy who died an epilepsy related death, 6 7 with deaths during the study period identified from DCs. The deaths identified may represent only a proportion of those who died with epilepsy, although, as most deaths from SUDEP are certified by the coroner and most patients had ongoing seizures before death, they may be more likely than others to have epilepsy on the certificate.
This study confirms that a minority of people with epilepsy would be picked up using DCs alone. Although frequent seizures, the use of AEDs, and the absence of malignancy appear to increase the appearance of epilepsy on the death certificate, it is still recorded in few subjects. These results are exploratory, and need to be investigated further. The present system of death certification in the UK is not an effective way to study mortality in epilepsy. If DCs were to include important factors in the patient's clinical history, their epidemiological utility would be enhanced.
